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What is daimed is: 



1 1. A speech dommunication apparatus comprising; 

2 a signal output transducer for receiving a distant signal from a fei^end 

3 talker and producing acbustic energy of the distant signal; 

4 a signal input tratisducer for producing a near-end signal which may 

5 contain a component representing a speech activity of a near-end talker or an 

6 acoustic echo component^ or bottv wherein said acoustic echo component 

7 occurs as a result of the idistant signal being transmitted through an acoustic 

8 echo path from the signal output transducer to the signal input transducer; 

9 an echo canceUerj for producing an echo replica from said distant 

10 signal and a residual echo; 

11 a residual echo Rector for detecting a difference between said near- 

12 end signal and said echo replica and supplying the difference as said residual 

13 echo to said echo canceller; and 

14 a spectral shapes for receiving one of said near-end signal and said 



15 residual echo as a first input signal^ receiving said echo replica as a second 

16 input signal, estimating from the first and second input signals said acoustic 

17 echo component when said speech activity is low or zero, and shaping 

18 spectrum of said first input signal with the estimated acoustic echo 

19 component 



1 2, The speech communication apparatus of daim 1, wherein said 

2 spectral shaper estimatiss said acoustic echo component for each of a plurality 

3 of subband frequencies of audio spectrum. 

1 3. The speech communication apparatus of daim 1, wherein said 

2 spectral shaper estimates said acoustic echo component from a ratio of said 

3 first input signal to said second input signal. 
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1 4. The 8peedh communication apparatus of daim 1, wherein said 

2 spectral shaper estimates said acoustic echo component £rom a ratio of said 

3 first input signal to saic^ second input signal for each of a plurality of subband 

4 frequencies of audio spjectnuxL 

1 5. The speeclh communication apparatus of claim 1/ wherein said 

2 spectral shaper comprises: 

3 means for dividing said first input signal into a first set of subband 

4 frequency component signals; 

5 means for dividing said second input signal into a second set of 

6 subband frequency codiponent signals; 

7 a plurality of subband spectral shaping means^ each of the subband 

8 spectral shaping mean^ receiving a corresponding one of the first set of 

9 subband frequency component signals as a first subband signal, receiving a 

10 corresponding one of the second set of subband frequency component signals 

11 as a second subband signal, producing an estimate of a subband acoustic 

12 echo component from the first and second subband signals, and shaping the 

13 first subband signal with the estimate of the subband acoustic echo 

14 component; and 

15 means for combining output signals of said plurality of subband 

16 spectral shaping means. 

1 6, The speech communication apparatus of claim 5, wherein each 

2 of said subband spectral shaping means comprises: 

3 a division circuit for producing a ratio of said first subband signal to 

4 said second subband signal; 

5 a smoother for smoothing said ratio when said speech activity is low 

6 or zero; 

7 a multiplier for inultiplying said second subband signal by said 

8 smoothed ratio to produce said estimate of the subband acoustic echo 
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9 component; and 

10 a subtractor for producing a difference signal representative of the 

11 difference between the ^t subband sigiud and said estimate supplied from 

12 said multiplier. 

i 

1 7. The speecli cozxmiunication apparatus of daim 6, wherein said 

2 smoother includes means for causing said ratio to vary sharply at a rising 

3 edge of a transition and jvary slowly at a falling edge of the transition. 

1 8. The speeclji communication apparatus of claim 6, wherein said 

2 division circuit includes; first and second smoothers for smoothing said first 

3 and second subband signals, respectively, before said ratio is produced. 

1 9, The speech communication apparatus of daim 8, wherein said 



2 first smoother indudes means for causing said first subband signal to vary 

3 sharply at a rising edge jof a transition and vary slowly at a falling edge of the 

4 transition, and wherein-said second smoother indudes means for causing 

5 said second subband signal to vary sharply at a rising edge of a transition and 

6 vary slowly at a falling ledge of the transition. 



1 10. The speedrh communication apparatus of daim 5, wherein each 

2 of said subband spectrdl shaping means comprises: 

3 a first division ciircuit for producing a first ratio of said first subband 

4 signal to said second subband signal; 

5 a second division circuit for producing a second ratio of said second 

6 subband signal to said first subband sigi\al; 

7 a first smoother ifor smoothing said first ratio when said speech 

8 activity is low or zero; . 

9 a first multiplieij for multiplying the smoothed first ratio by said 
10 second ratio; 



! 
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11 a second smoother for smoothing the output of said first multiplier; 

12 a subtractor for subtracting integer 1 from the output of the second 

13 smoother; and 

! 

14 a second multiplijer for multiplying said first subband signal by the 

15 output of the subtractor; 

1 11. The speech communication apparatus of claim 10, wherein said 

2 first smoother includes ineans for causing said first ratio to vary sharply at a 

3 rising edge of a transition and vary slowly at a falling edge of the transition. 

1 12. The speech communication apparatus of daim 10, wherein said 

2 first division circuit includes first and second smoothers for smoothing said 

3 first and second subbaiid signals, respectively, before said first ratio is 

4 produced. 

! 
[ 

I 

1 13. The speedh communication apparatus of daim 1, further 

2 comprising a harmonicis generator for emphasizing harmonics components of 

3 said distant signal contained in said echo replica from said echo canceller. 

1 14. The speecih communication apparatus of claim 1, wherein said 

2 echo canceller comprbes: 

3 means for dividing said residual echo into a first set of subband 

4 frequency component Signals; 

i 

5 means for dividing said distant signal into a second set of subband 

6 frequency component signals; 

7 an adaptive filter bank for adaptively filtering said second set of 

3 subband firequency component signals according to said first set of subband 

9 frequency component signals; 

10 means for combining output signals of said adaptive filter bank to 

11 produce said echo replica; and 
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12 means for nullifying the first set of subband frequency component 

13 signals when said speedi activity is h%h, 

14 wherein said spectral shaper comprises: 

15 a plurality of suiband spectral shaping means^ each of the subband 



16 spectral shaping means receiving a corresponding one of the first set of 

17 subband frequency component signals as a first subband signal, receiving a 

i 

18 corresponding one of the output signals of said adaptive filter bank as a 

19 second subband signal] producing an estimate of a subband acoustic echo 

20 component from the Bht and second subband signals, and shaping the first 

21 subband signal with the estimate of the subband acoustic echo component; 

22 and 



23 means for coml^Lning output signals of said plurality of subband 

24 spectral shaping means. 

1 15, The speeth communication apparatus of claim 14, wherein each 

2 of said subband spectrkl shaping means comprises; 

3 a division circuit for producing a ratio of said first subband signal to 

4 said second subband sjgnal; 

5 a smoother for smoothing said ratio when said speech activity is low 

6 or zero; 

7 a multiplier for multiplying said second subband signal by said 

8 smoothed ratio to produce said estimate of the subband acoustic echo 

9 component; and 

10 a subtractor for producing a difference signal representative of the 

11 difference between the first subband signal and said estimate supplied from 

12 said multiplier. 

1 16. The speech communication apparatus of claim 15^ wherein said 

2 smoother includes mekns for causing said ratio to vary sharply at a rising 

3 edge of a transition and vaiy slowty at a falling edge of the transition. 



i 
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1 17. The speech communication apparatus of daim 15, ivherein said 

2 division circuit includes Ifirst and second smoothers for smoothing said first 

3 and second subband sigiials, respectively, before said ratio is produced. 

1 18. The speedy communication apparattis of daim 17, wherein said 



2 first smoother includes i^eans for causing said first subband signal to vary 

3 sharply at a rising edge of a transition and vary slowly at a falling edge of the 

4 transition, and wherein said second smoother indudes means for causing 

5 said second subband si^al to vary sharps at a rising edge of a transition and 

i 

6 vary slowly at a falling ^dge of the transition. 



1 19, The speedi communication apparatus of claim 14, wherein 

2 each of said subband spbctral shaping means comprises: 

3 a first division cii^uit for producing a first ratio of said first subband 

4 signal to said second sujbband signal; 

5 a second divisioil circuit for produdng a second ratio of said second 

6 subband signal to said $rst subband signal; 

7 a first smoother for smoothing said first ratio when said speech 

8 activity is low or zero; : 

9 a first multiplier ifor multiplying the smoothed first ratio by said 

10 second ratio; 

11 a second smoother for smoothing the output of said first multiplier; 

12 a subtractor for Subtracting integer 1 firom the output of the second 

13 smoother; and 

14 a second multiplier for multiplying said first subband signal by the 

15 output of the subtractoh 

1 20. The speech communication apparatus of daim 19, wherein said 

2 first smoother indudes! means for causing said first ratio to vary sharply at a 

3 rising edge of a transition and vary slowly at a falling edge of the transition. 



i 

I 
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1 21 . The spee j!h communication apparatus of daim 19/ wheiein said 

2 first division circuit indludes fiist and second smootheis for smoothing said 

i 

3 first and second subbahd signals, respectively, before said first ratio is 

4 produced. 

i 

! 

1 22. A speechjconununication apparatus comprising: 

i 

2 a signal output jransducer for receiving a distant signal from a far-end 

3 talker and producing ajcoustic energy of the distant signal; 

4 means for dividing said distant signal into a first set of subband 

5 frequency component ^ignals; 

6 a signal input trfcinsducer for producing a near-end signal which may 

7 contain a component representing a speech activity of a near-end talker or an 

8 acoustic echo component, or both^ wherein said acoustic echo component 

9 occxu-s as a result of th6 distant signal being transmitted through an acoustic 

10 echo path from the sig^ output transducer to the signal input transducer; 

11 means for dividing said near-end signal into a second set of subband 

12 frequency component ^igi^^; 

13 a plurality of subband echo suppressors, each of the subband echo 

14 suppressors comprising: 

15 an echo cknceller for producing an echo replica from a 

16 corresponding one of said first set of subband frequency component signals 

17 »dasubbai,d«siduaiecho; 

18 a residual echo detector for detecting a difference between a 

19 corresponding one of s^id second set of subband frequency component 

20 signals and said echo rfeplica and supplying the difference as said residual 

21 echo to said echo cancqller; and 

22 subband Lpectml shaping means for receiving said residual 

23 echo as a first subband input signal receiving said echo replica as a second 

24 subband input signal, estimating from the first and second input signals said 

25 acoustic echo componetnt when said speech activity is low or zero, and 



i 

i 



! 
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26 shaping said first subba^d input signal with the estimated acoustic echo 

27 component to produce an output signal of the subband echo suppressor, and 

28 means for combitjing tfie output signab of said plurality of subband 

29 echo suppressors. 

I 

1 23. The speech communication apparatus of claim 22, wherein said 

! 

2 subband spectral shapinjg means comprises: 

3 a division circuit jfor producing a ratio of said fiist subband signal to 

4 said second subband si^al; 

5 a smoother for smoofliing said ratio when said speech activity is low 

6 or zero; 

7 a multiplier for n{iultiplying said second subband signal by said 

8 smoothed ratio to produce said estimate of the subband acoustic echo 

9 component; and | 

10 a subtractor for producing a difference signal representative of the 

11 difference between the lirst subband signal and said estimate supplied from 

12 said multiplier. 

1 24. The speech communication apparatus of daim 23, wherein said 

2 smoother includes means for causing said ratio to vary sharply at a rising 

3 edge of a transition and vary slowly at a falling edge of the transition. 

1 25. The speech communication apparatus of daim 23, wherein said 

2 division circuit includes first and second smoothers for smoothing said first 

3 and second subband signals, respectively, before said ratio is px>duced. 

1 26. The speech commxmication apparatus of daim 25, wherein said 

2 first smoother indudesj means for causing said first subband signal to vary 

3 sharply at a rising edg^ of a transition and vary slowly at a falling edge of the 

4 transition, and wherei^ said second smoother indudes means for causing 



i 
! 
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: 

5 said second subband sig^ to vary sharply at a rising edge of a transition and 

6 vary slowly at a falling ^dge of the transitioa 

1 27. The speech communication apparatus of daim 22, wherein 

2 each of said subband spectral shaping means comprises: 

3 a first division dkuit for producing a first ratio of said first subband 

4 signal to said second subband signal; 

5 a second divisioit circuit for producing a second ratio of said second 

6 subband signal to said ^t subband signal; 

7 a first smoother ^or smoothing said first ratio when said speech 

8 activity is low or zero; ' 

9 a first multiplier If or multiplying the smoothed first ratio by said 

10 second ratio; 

11 a second smoother for smoothing the output of said first multiplier; 

12 a subtractor for t subtracting integer 1 from the output of the second 

13 smoother; and 

14 a second multiplier for multiplying said first subband signal by the 

15 output of the subtractor. 

I 
I 

i 

1 28. The speech communication apparatus of claim 27, wherein said 

2 first smoother include^ means for causing said first ratio to vary sharply at a 

3 rising edge of a transitjon and vaxy slowly at a falling edge of the transition. 

1 29. The speeph communication apparatus of claim 27, wherein said 

2 first division circuit includes first and second smoothers for smoothing said 

3 first and second subband signals, respectively, before said first ratio is 

4 produced. 

j 

1 30. A method of suppressing acoustic echo, comprising the steps of: 

2 a) receiving a distant signal from a far-end talker and producing 
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3 acoustic energy of the (fistant signal from a signal output transducer; 

i 

4 b) producing a near-end signal from a signal input transducer 

5 which may contain a cojmponent representing a speech activity of a neai^end 

i 

6 talker or an acoustic ec^o component^ or both/ wherein said acoustic echo 

7 component occurs as a i'esult of the distant signal being transmitted through 

8 an acoustic echo path fijom the signal output transducer to the signal input 

9 transducer; 

10 c) producing an echo replica from said distant signal and a 

11 residual echo, detectingj said residual echo between said near-end signal and 

12 said echo replica and u$ing the residual echo as a feedback signal to produce 

13 said echo replica; and 

14 d) receiving bne of said near^end signal and said residual echo as a 

15 first input signal^ receivling said echo repKca as a second input signal, and 

16 estimating from the fir^ and second input signals said acoustic echo 

17 component when said speech activity is low or zero; and 

18 e) shaping s Dectrum of said first input signal with the estimated 

19 acoustic echo componeht 

i 
j 

1 31. The methdd of claim 30, wherein step (d) estimates said acoustic 

2 echo component for each of a plurality of subband frequencies of audio 

3 spectrum. j 

1 32. The methbd of claim 30, wherein step (d) estimates said acoustic 



2 echo component from a 

3 signal 



ratio of said first input signal to said second input 



1 33. The methbd of claim 30, wherein step (d) estimates said acoustic 

2 echo component from a ratio of said first input signal to said second input 

j 

3 signal for each of a pluifaUty of subband frequencies of audio spectrum. 
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1 34. The methoji of claim 30, wherein step (d) comprises: 

2 dj) dividii^ s^d first input signal into a first set of subband 

3 frequency component signals; 

4 d2} dividixig s^d second input signal into a second set of subband 

5 fi^uency component signals; 

6 d3) receiving A corresponding one of the first set of subband 

7 frequency component si ;nals as a first subband signal^ receiving a 

8 corresponding one of th|^ second set of subband frequency component signals 

9 as a second subband sighal, producing an estimate of a subband acoustic 

10 echo component from the first and second subband signals^ and shaping the 

11 first subband signal with the estimate of the subband acoustic echo 

12 component; and | 

13 d4) combining output signals of said plurality of subband spectral 

14 shaping means. 

i 

1 35. The methbd of daim 34, wherein step (d^ comprises: 

2 producing a ratid of said first subband signal to said second subband 

3 signal; 

4 smoothing said ratio when said speech activity is low or zero; 

5 multiplying said jsecond subband signal by said smoothed ratio to 

6 produce said estimate ojf the subband acoustic echo component; and 

7 producing a difference signal representative of the difference between 

i 

8 the first subband signal' and said estimate supplied firom said multiplier. 

1 36. The methid of claim 35, wherein the smoothing step causes said 

2 ratio to vary sharply at ia rising edge of a transition and vary slowly at a 

3 falling edge of the transition. 

i 

1 37. The methM of claim 35, wherein the ratio producing step 

2 includes the step of smoothing said first and second subband signals before 
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I 

3 said ratio is produced. | 

i 
i 

1 38. The methoil of claim 37, wherein the step of smoothing the first 

2 and second subband sighals causes said first and second subband signals to 

3 vary sharply at a rising 4dge of a transition and vary slowly at a falling edge 

4 of the transition. 

1 39. The method of daim 34, wherein step (d) comprises: 

i 

2 dj) producing! ^ subband signal to said second 

3 subband signal; 

4 d2} produdngj a second ratio of said second subband signal to said 

5 first subband signal; j 

6 d3) smoothing said first ratio when said speech activity is low or 

7 zero; | 

8 d4) multiplyirig the smoothed first ratio by said second ratio; 

i 

9 ds) smoothing the multiplied smoothed first ratio; 

10 dg) subtractinjg integer 1 from the first ratio smoothed by step (d5) 

11 to produce a subtractedj signal; and 

12 d'p) multiplying said first subband signal by said subtracted signal. 

1 40, The method of claim 39, wherein step {d^ includes the step of 

2 causing said first ratio tb vary sharply at a rising edge of a transition and vaiy 

3 slowly at a falling edgejof the transition. 

i 
j 

1 41. The methbd of daim 39, wherein step (d^) indudes the steps of 

2 smoothing said first an^ second subband signals before said first ratio is 

3 produced. 

1 42. The meth[Kl of claim 30, further comprising accentuating 

2 harmonics component^ of said distant signal contained in said echo replica 
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3 before estiinating said afsoustic echo component. 



1 43. The methbd of claim 30, wherein step (c) comprises the steps of: 

2 dividing said residual echo into a first set of subband frequency 

3 component signals; 

4 dividing said dls tant signal into a second set of subband frequency 

5 component signals; 

6 adaptively filterl ig said second set of subband frequency component 

7 signals according to sai^ 1 first set of subband frequency component signals; 

8 combining the agaptively filtered signals to produce said echo replica; 

9 and 

10 nullifying the fir \t set of subband frequency component signak when 

11 said speech activity is High, 

12 wherein step (d)iComprises: 

13 receiving a coirebponding one of the first set of subband frequency 

14 component signab as alfirst subband signal^ receiving a corresponding one of 

15 the adaptively filtered ^ignals as a second subband signal^ and producing an 

16 estimate of a subband acoustic echo component from the first and second 

17 subband signals; | 

18 shaping the firstlsubband signal with the estimate of the subband 

19 acoustic echo component; and 

20 combining a plurality of said shaped first subband signals. 

1 44. The methj^d of claim 43^ wherein the shaping step comprises: 

2 producing a rati|> of said first subband signal to said second subband 

3 signal; j 

4 smoothing said i-atio when said speech activity is low or zero; 

5 multiplying said second subband signal by said smoothed ratio to 

6 produce said estimate 6f the subband acoustic echo component; and 

7 producing a difi^erence signal representative of the difference between 
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8 the first subband signal said estimate of the subband acoustic echo 

9 component. 

1 45. The methold of claim 44, wherein the smoothing step causes said 

2 ratio to vary sharply at i rising edge of a transition and vary slowly at a 

3 falling edge of the transition. 

i 

1 46. The method of claim 44, wherein the ratio producing step 

2 comprises the steps of sfioothing said first and second subband signals 

3 before said ratio is produced. 

1 47. The methojd of claim 46, wherein the steps of smoothing the first 

2 and second subband si^ials cause said first and second subband signals to 

3 vary sharply at a rising ^dge of a transition and vary slowly at a falling edge 

4 of the transition. 

1 48. The method of daim 43, wherein the shaping step comprises: 

2 d^) producing! a first ratio of said first subband signal to said second 

3 subband signal; 

4 d2) producing a second ratio of said second subband signal to said 

5 first subband signal; 

6 smoothing; said fii^t ratio when said speech activity is low or 

7 zero; 

j 

8 d4) multiplyiiig the smoothed first ratio by said second ratio; 

9 ds) smoothing the multiplied smoothed first ratio; 

10 d^) subtracting integer 1 from the first ratio smoothed by step (d^ 

11 to produce a subtractedj signal; and 

12 dj) multiplyiijtg said first subband signal by said subtracted signal. 



49. The meth6d of claim 48, wherein step (d^ includes the step of 
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2 causing said first ratio t^ vaty sharply at a rising edge of a transition and vary 

I 

3 slowly at a falling edge pf the transition.. 

1 50. The methc d of claim 4B, wherein step (d^) includes the steps of 

2 smoothing said first anc second subband signals before said first ratio is 

3 produced. 

1 51. A method of suppressing acoustic echo^ comprising the steps of: 

2 a) receiving a distant signal from a far-end talker and producing 

3 acoustic energy of the distant signal from a signal output transducer; 

4 b) dividing said distant signal into a first set of subband frequency 

5 component signals; 

6 c) producing a near-end signal by a signal input transducer^ 

7 wherein the near-end sijgnal may contain a component representing a speech 

8 activity of a near-end t^er or an acoustic echo component^ or both, wherebi 

9 said acoustic echo comj^nent occurs as a restilt of the distant signal being 

10 transmitted through aniacoustic echo path from the signal output transducer 

11 to the signal input transjducer; 

12 d) dividing ^d near-end signal into a second set of subband 

13 frequency component signals; 

14 e) producing an echo replica from a corresponding one of said 

15 first set of subband frec^uency component signals and a subband residual 

j 

16 echo, detecting the subband residual echo between a corresponding one of 

17 said second set of subbed frequency component signals and said echo 

18 replica and using said sbbband residual echo as a feedback signal to produce 

19 said echo replica; 

20 f) receiving baid residual echo as a first subband input signal, 

21 receiving said echo replica as a second subband input signal, and estimating 

j 

22 from the first and secorid input signals said acoustic echo component when 

23 said speech activity is 16w or zero; 
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24 g) shaping salid first subband input signal with the estixnated 

25 acoustic echo componeilt to produce an output signal; and 

26 h) combining a plurality of said output signals. 

I 

1 52. The meth|>d of claim 51, wherein step (g) comprises the steps 

2 of: I 

3 producing a ratic of said first subband signal to said second subband 

4 signal; 

5 smoothing said r^tio when said speech activity is low or zero; 

6 multiplying said [second subband signal by said smoothed ratio to 

i 

7 produce said estimate ojf the subband acoustic echo component; and 

8 producing a difference signal representative of the difference between 

9 the first subband signaljand said estimate supplied from said multiplier. 

1 53. The meth<|d of claim 52, wherein the smoothing step causes said 

2 ratio to vary sharply at k rising edge of a transition and vary slowly at a 

3 falling edge of the tran^tion. 

1 54. The meth6d of claim 52, wherein the ratio producing step 

2 includes the steps of snjoothing said first and second subband signals before 

3 said ratio is produced, ; 

i 

1 55. The methdd of claim 54, wherein the steps of smoothing said 

2 first and second subbarld signals cause said first and second subband signals 

3 to vary sharply at a rising edge of a transition and vary slowly at a falling 

4 edge of the transition. : 

1 56. The method of claim 51, wherein step (e) comprises the steps 

2 of: 

3 e^) producing a first ratio of said first subband signal to said second 



I 
I 
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4 subband signal; j 

5 produdngia second ratio of said second subband signal to said 

6 first subband signal; 

7 e^) smoothing! said first ratio when said speech activity is low or 

8 zero; 

9 64) multiplyinjg the smoothed first ratio by said second ratio; 

10 eg) smoothing the multiplied smoothed first ratio; 

11 65) subtracting integer 1 from the first ratio smoothed by step (e^) 

12 to produce a subtracted signal; and 

13 e^) multiplyii^ said first subband signal by said subtracted signal 

I 

1 57. The methojd of claim 56, wherein step (63) causes said first ratio 

2 to vary sharply at a rising edge of a transition and vary slowly at a falling 

3 edge of the transition. 

1 58. The method of claim 56, wherein step (e;^) includes the steps of 

2 smoothing said first andj second subband signals before said first ratio is 

3 produced. 

i 

1 59. A spectral jshaper for cancellation of noise comprising: 

2 means for dividiiig a first input signal into a first set of subband 

3 frequency component sisals; 

4 means for dividing a second input signal into a second set of subband 

5 fi'equency component sijgnals; 

i 

6 a plurality of subband spectral shaping means, each of the subband 

7 spectml shaping means deceiving a corresponding one of the first set of 

8 subband frequency comJ>onent signals as a first subband signal, receiving a 

9 corresponding one of the second set of subband frequency component signals 

10 as a second subband signal, producing an estimate of a subband noise 

11 component from the firsit and second subband signals, and shaping the first 
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i 

12 subband signal with the estimate of the subband noise component; and 

13 means for combiijdng output signals of said plurality of subband 

14 spectral shaping means. 

1 60. The spectral shaper of claim 59^ wherein each of said subband 

2 spectral shaping means jcomprises: 

3 a division circuit Ifor producing a ratio of said first subband signal to 

4 said second subband signal; 

5 a smoother for smoothing said ratio when said first input signal is 

6 indicative of low or zerc^ speech activity; 

7 a multiplier for nliultiplying said second subband signal by said 

j 

8 smoothed ratio to prodi^ce said estimate of the subband noise component; 

9 and 

10 a subtractor for pjroducing a difference signal representative of the 

11 difference between the first subband signal and said estimate supplied from 

I 

12 said multiplier. j 

I 

j 

1 61 . The spectifal shaper of daim 60, wherein said smoother includes 

2 means for causing said ratio to vary sharply at a rising edge of a transition 

3 and vary slowly at a falling edge of the transitioru 

1 62, The specbfal shaper of daim 60, wherein said division circuit 

2 indudes first and seconji smoothers for smoothing said first and second 

3 subband signals, respedtively^ before said ratio is produced. 

1 63. The spectral shaper of claim 62, wherein said first smoother 

2 includes means for causing said first subband signal to vary sharply at a 

3 rising edge of a transition and vary slowly at a falling edge of tiie transition, 

j 

4 and wherein said seconjd smoother indudes means for causing said second 

5 subband signal to vary sharply at a rising edge of a transition and vary 
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6 slowty at a falling edge the transition. 



1 64. The spectifal shaper of claim 59, wherein each of said subband 

2 spectral shaping means :omprises: 

3 a first division dijcuit for producing a first ratio of said first subband 

4 signal to said second sulbband signal; 

5 a second division circuit for producing a second ratio of said second 

6 subband signal to said fijrst subband signal; 

7 a first smoother f^r smoothing said first ratio when said first input 

8 signal is indicative of loi)v or zero speech activity; 

9 a first multiplier 1 or multiplying the smoothed first ratio by said 

10 second ratio; 

11 a second smoother for smoothing the output of said first multiplier; 

12 a subtractor for subtracting integer 1 from the output of the second 

13 smoother; and 

14 a second multipli sr for multiplying said first subband signal by the 

15 output of the subtractor, 



1 65. The spectr^ shaper of claim 64> wherein said first smoother 

2 includes means for causjng said first ratio to vary sharply at a rising edge of a 

3 transition and vary slov\Jly at a falling edge of the transition. 



1 66. The spectrM shaper of claim 64, wherein said first division 

2 circuit includes first and^ second smoothers for smoothing said first and 

3 second subband signals/ respectively, before said first ratio is produced. 

I 
I 



